
Chapter 3
Knowing and Identity: A Situated Theory
of Mathematics Knowledge in Teaching

Jeremy Hodgen

A group of prospective secondary teachers are engaged in a school mathematics problem
involving fractions: why can you multiply to multiply, but not add to add? All the prospective
teachers are well qualified. In fact, several have doctorates in mathematics. All, of course,
can add, subtract, multiply and divide fractions with ease. Yet, they are finding the problem
of explanation exceedingly difficult.

How is it that such an apparently elementary problem can cause a group of
mathematical experts such problems? Mathematically, the problem involves the
algorithms for arithmetic involving fractions. One multiplies the numerators and the
denominators to multiply fractions: a

b × c
d = a×c

b×d , but one does not add them to add:
in general, a

b + c
d �= a+c

b+d . Of course, the problem is that these prospective teachers
have never been asked this question before. But the problem becomes more complex
when posed in the context of teaching in that it is no longer simply a mathematical
question (how to show the statement is true), but also a pedagogical question (how
to enable others to see the statement is true). At the heart of these mathematical and
pedagogical questions lie some of the “big ideas” of school mathematics: the notion
of rational numbers as division of integers, the relationship between multiplication
and addition and the ways in which rational number may be represented. The notion
of pedagogical content knowledge (PCK) as developed by Shulman, Ball and oth-
ers is one response to this complexity: mathematics teaching requires a specialist
knowledge of mathematics for teaching that integrates a knowledge of mathemat-
ics and pedagogy. These approaches have been discussed in depth in Chapter 1
by Goulding and Petrou in this book. Yet, as Goulding and Petrou indicate, these
approaches have downplayed the importance of context. In this chapter, I take this
critique further. I examine this issue of context and argue that mathematics teacher
knowledge is not simply applied within the context of teaching mathematics but is
rather situated within the complex and social world of mathematics classrooms. In
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other words, to simply focus on application and context is to underplay the ways in
which social structures support (or hinder) teacher knowledge and its use.

My analysis draws on what Lerman (2000) terms the ‘social turn’ in mathematics
education. A key work in this social turn is Lave and Wenger’s (1991) monograph
examining the nature of learning as apprenticeship and re-casting knowledge in
terms of situated cognition. Whilst this original work largely considered learning in
informal settings outside formal education, it has nevertheless been influential in the
formal context of mathematics education (Boaler, 2002; Greeno, 1998), particularly
in relation to the perennial issue of how students use or transfer the mathematics
learnt in school, into real world contexts. This notion of transfer – how knowledge
learnt in one context can be used or applied in a different context – has in turn been
the subject of much contentious debate (e.g., Anderson, Greeno, Reder, & Simon,
2000), although it is arguable that this debate has often been characterised more
by misunderstandings than by genuine disagreement. As Putnam and Borko (2000,
p. 12) argue,

It is easy to misinterpret scholars in the situative camp as arguing that transfer is
impossible—that meaningful learning takes place only in the very contexts in which the
new ideas will be used. The situative perspective is not an argument against transfer, how-
ever, but an attempt to recast the relationship between what people know and the settings in
which they know—between the knower and the known.

From this perspective, knowledge is social and contextualised rather than individ-
ual and general, whilst knowledge about mathematics teaching is less about general
principles and more about ‘intertwined collections of more specific patterns that
hold across a variety of situations’ (Putnam & Borko, 2000, p.13). It is a recognition
of the similarities and differences between these patterns that enables the growth of
a more abstract mathematical knowledge.

The Problem of Mathematics Teacher Knowledge

It appears self-evident that teachers should know about mathematics in order to
teach it effectively. But teacher knowledge in mathematics is an area of some contro-
versy. There is evidence that poor subject knowledge in mathematics has a negative
impact on teaching (e.g., McDiarmid, Ball, & Anderson, 1989; Rowland, Martyn,
Barber, & Heal, 2000). There is considerably less consensus on what constitutes the
mathematical knowledge necessary for teaching. Some have argued that improv-
ing teachers’ knowledge of mathematics per se will lead to better teaching (e.g.,
Alexander, Rose, & Woodhead, 1992). However, the evidence base in this area sug-
gests otherwise. Several studies, for example, have found no link between teachers’
mathematical knowledge, as measured in terms of academic mathematical qualifi-
cations, and effective teaching (Askew, Brown, Rhodes, Johnson, & Wiliam, 1997;
Begle, 1968). What is clear is that the connection between teacher knowledge and
teaching outcomes is neither simple nor straightforward.

To deal with this problem, research has focused on exploring the nature of
teacher knowledge in mathematics. One strand of this research has been to link
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mathematical knowledge for teaching to ways of knowing in the discipline of
mathematics. Lampert (1986), for example, distinguishes between procedural and
principled knowledge of mathematics. Procedural knowledge is a rule-guided
‘knowing that’ and concerns mathematical procedures and their use to compute
correct answers. Principled knowledge, on the other hand, is a wider and more
conceptual ‘knowing how’ and includes the knowledge of mathematical concepts
that enable the construction of procedures for solving mathematical problems.
Lampert’s distinction has similarities to Skemp’s (1976) distinction between instru-
mental and relational understandings, Prestage and Perks (2001) learner-knowledge
and teacher-knowledge, and Thompson, Philipp, Thompson, and Boyd’s (1994)
calculational and conceptual orientations.

Increasingly, researchers have argued that mathematical knowledge for teach-
ing is distinct and different to the knowledge necessary to practice mathematics.
As I have already noted, a key starting point for much of this work is Shulman’s
(1986) notion of pedagogical content knowledge which ‘goes beyond the subject
per se to the dimension of subject knowledge for teaching . . . the particular form of
content knowledge that embodies the aspects of content most germane to its teach-
ability’ (p. 9, original emphasis). The nature of pedagogical content knowledge is
itself, however, something of a contested idea within the education research com-
munity. McNamara (1991), for example, argues that there is no clear distinction
between subject knowledge and pedagogical content knowledge. Indeed, Corbin
and Campbell (2001) argue that pedagogical content knowledge is most useful as
a metaphor that locates teacher knowledge as embedded within the complex and
unpredictable practice of teaching. Another critique is epitomised by Brown and
McIntyre (1993), who argue that much of teachers’ knowledge is tacit, craft knowl-
edge that cannot be codified as theoretical abstract knowledge. For Brown and
McIntyre, the knowledge of an expert teacher is more intuitive and, in a very real
sense, less explicit than that of a novice.

Taking this notion of tacit knowledge further, situated theorists problematise the
very nature of knowledge, arguing that teachers’ mathematical knowledge, like any
other form of knowledge, is located in social practice (Greeno, 1998; Putnam &
Borko, 2000). Hence, in a development of Lave and Wenger’s (1991) work, Adler
(1998) refers to a dynamic, contextualized and active process of ‘knowing’ rather
than the more static, abstract and passive notion of ‘knowledge’. Thus, teacher
knowledge is embedded in the practices of teaching and any attempt to describe
this knowledge abstractly is likely to fail to capture its dynamic nature.

A Case Study from Primary Mathematics: Alexandra’s
Knowledge of the Multiplication and Division of Fractions

In this section, I discuss the case of Alexandra,1 a primary teacher, and
her knowledge of proportional reasoning. I contrast Alexandra’s knowledge of

1Alexandra is a pseudonym.
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proportional reasoning in the context of developing lessons and leading professional
development sessions with her knowledge in the context of a structured mathematics
interview.

This case study is drawn from a 4-year longitudinal study into the professional
change of six teachers involved as teacher-researchers in the Primary Cognitive
Acceleration in Mathematics Education (CAME) Project research team (Johnson,
Hodgen, & Adhami, 2004). This team consisted of four researchers, four teacher-
researchers and the Local Education Authority mathematics advisor. During the
school year 1997/1998, the team met fortnightly to develop Thinking Maths lessons
specifically for primary children aged 9–11. During the second phase of the project,
over the school years 1998/1999 and 1999/2000, a further cohort of teachers joined
the project to implement the Thinking Maths lessons more widely. In Phase 2, the
teacher-researchers led professional development sessions aimed at enabling this
new cohort of teachers to teach the Thinking Maths lessons in their own classes.

In the research study, data collection was qualitative using multiple methods,
including observations of seminars, lessons and professional development sessions,
interviews with individuals and groups, and structured mathematical interviews
(adapted from Millett, Askew, & Simon, 2004).2 Here, my focus is on the mathemat-
ics interview, which took place in December 2000. During this interview, Alexandra
was asked to solve several problems and to suggest models, stories, or diagrams to
use when teaching the ideas to children. The questions themselves largely related
to two aspects underlying the elementary mathematics curriculum: rational number
and multiplicative reasoning. I focus on three related questions from this interview:

How would you solve these problems? What would be a good story, diagram or model for
them?

0.5 × 0.2 3 ÷ 0.75 1
3

4
÷ 1

2

I was particularly interested in the extent to which the teachers could generate
a variety of appropriate and pedagogically useful illustrations, and in the range of
different meanings of multiplication and division that they drew upon. Ma (1999),
for example, describes three models of division: measurement, partitive, and factors
and product. These broadly relate the understandings of multiplication in terms of
repeated addition, scaling and arrays (and areas). There is extensive research evi-
dence to suggest that the area model is used in only limited ways in UK primary
(and secondary) mathematics classrooms (Nunes, 2001).

As a Primary CAME teacher-researcher, Alexandra was involved in the develop-
ment of a number of lessons addressing students’ misconceptions in collaboration
with other teacher-researchers and academics. Specifically, she, together with
another teacher, developed two lessons focusing on fractions: ‘Share an Apple’, and

2This drew on previous work at King’s (Askew et al., 1997), which in turn drew on a range of
sources. An item on division of fractions, 1 3

4 ÷ 1
2 , for example, was drawn from Ball (1990) work

and is also discussed in Ma (1999).
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‘Halving and Thirding’ (Johnson et al., 2003). In Share an Apple, the focus is on
representations and comparisons of fractions. So, for example, children are asked
to consider various ways of representing and comparing the magnitude of simple
fractions of everyday objects. In Halving and Thirding, the focus is on developing
and connecting different representations for the multiplication of fractions, includ-
ing repeated multiplication by 1/2 and 1/3, with a particular focus on developing the
area model for multiplication and linking this to other representations. Alexandra
herself suggested this focus on the area model based on her experiences of team-
teaching the lesson. She also led the professional development sessions introducing
these lessons and had contributed to an academic paper on their development.

The research reported here took place in the context of the National Numeracy
Strategy (NNS) in England, a national initiative focused on primary mathemat-
ics pedagogy (Brown, Millett, Bibby, & Johnson, 2000). One feature of the
NNS was the appointment of several hundred Numeracy Consultants. The role
of these local primary mathematics specialists was to support teachers and to
deliver professional development to them. Throughout much of her participation
in Primary CAME, Alexandra was also a Numeracy Consultant, whose responsi-
bilities included delivering training aimed at enhancing primary teachers’ subject
knowledge of mathematics. In this mathematics educator role, I observed her teach
several National Numeracy training sessions on both fractions and multiplication,
during which she appeared to be fluent with a variety of both techniques and repre-
sentations. In addition, in response to her perceptions of weaknesses in these training
materials and in collaboration with another Numeracy Consultant, she developed a
further session for teachers in which she focused on the use of the area model of
multiplication in relation to fractions together with the concept of equivalence.

Given these experiences, I had expected Alexandra to demonstrate a sophis-
ticated understanding of multiplication in the mathematics interview. Yet, her
knowledge appeared to be very significantly weaker in this setting: in the inter-
view, she appeared to know ‘less’ and to know it less securely. Alexandra could
successfully answer all the questions performing most of the necessary calcula-
tional procedures correctly, although on several questions this took a considerable
amount of time and whilst solving the problems, she made several mistakes which
she corrected during the interview. At one point, she indicated some awareness of
her limited understanding referring to division by fractions [13/4 ÷ 1/2] as follows:
“If I was doing that the way I was taught to do it, I would just turn that all upside
down. And I have real problems with this idea of division by fractions.” However,
she was unable to carry out this procedure and solved the question by converting
to decimals mentally, and then using a calculator. To solve 0.5 × 0.2, she used a
standard multiplication algorithm, as in Fig. 3.1.

0 . 5
× 0 . 2

1 0
0 0 0
0 . 1 0

Fig. 3.1 Alexandra’s
procedure for solving
0.5 × 0.2
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As she carried out the algorithm, she commented on how she knew where to place
the decimal point in the product: “There are two decimal places in the question, so
there must be two decimal places in the answer.” This, together with her inclusion of
the multiplication by zero, strongly suggests that her understanding of this method
is certainly heavily reliant on procedural knowledge.

Although Alexandra read the answer correctly as 0.1 and used the same form
as in the question, she did not notice that this could be read as a tenth or that the
calculation was equivalent to either of the relatively simple ‘half of two tenths’ or
‘half of a fifth’. Hence, she appeared to have no strategy to check, or make sense of
the result of this calculation procedure. Indeed, she could not generate an illustration
of this problem. Whilst she did not get this problem ‘wrong’, her knowledge did
appear to be partial and limited.

Alexandra found the generation of any models extremely difficult and required
considerable support and prompting to tackle these questions. Indeed, she asked me,
with apparent disbelief, if I could do it. She provided a single story for just two of the
three problems. Reflecting her preference for decimal fractions, she found 3 ÷ 0.75
relatively straightforward, after I had suggested thinking about contexts involving
measures: “how many lots of 75 pence can you get from three pounds.” However,
she had considerable difficulty with 13/4 ÷ 1/2, eventually producing the following
story:

If you said that was one, and that was three quarters you’d get three halves and half a half
out of it. But that’s not very helpful is it? . . . One, OK, that’s one and three quarters, so you
can get one, two, three. Three halves out of it. And half of a half.

The example is more ‘helpful’ than Alexandra suggests. Repeated addition does
provide one satisfactory explanation for the answer. The ‘pure’ mathematics con-
text of numbers is, in this case, rather more helpful than the commonplace use of
pizzas or cakes to illustrate problems involving fractions. Yet, whilst Alexandra’s
subject knowledge here appears stronger than any of the US teachers in Ma’s (1999)
study, this example does highlight a problematic issue. Alexandra had developed
the two fractions lessons with the specific aim of enabling children to develop a
range of models for the representation of fractions. The Halving and Thirding les-
son had used both measurement and area representations for the multiplication of
fractions, an aspect of the lesson which she herself had highlighted several times
during the lesson simulation to Phase 2 teachers. It is somewhat surprising that,
given these fairly intense lesson development experiences together with her expe-
riences as a mathematics educator, she was not able in the interview to draw on
the area model to division by fractions, or more significantly, to the multiplica-
tion of decimal fractions. Indeed, she was unable to provide an illustration of
0.5 × 0.2. More surprising still is her reaction to being asked to think of mod-
els, given that I had observed her emphasise different meanings of multiplication
and division (including repeated subtraction/addition and the area/array models)
and the need to understand children’s different ways of seeing mathematical rela-
tionships when leading training sessions. Of course, this does not mean that she
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did not know other models. However, the difficulty that she encountered generat-
ing these stories does suggest that she lacked an intuitive familiarity with these and
different models of multiplication/division. Alexandra’s failure to draw on her expe-
riences of developing the fractions lessons suggests that her knowledge was highly
contextualised.

This case presents a dilemma. This is not a case where transfer has failed.
Faced with these interview problems in other situations, Alexandra ‘knew’ more and
performed ‘better’, and thus, in these different contexts, her mathematics appeared
‘good enough’. Certainly, her knowledge in context appeared stronger than her
knowledge out of context. In order to make sense of this, Lave and Wenger’s insights
about situated cognition are helpful. Alexandra’s mathematics knowledge for teach-
ing had developed in large part within the context of teaching, teacher education
and curriculum development. Contrary to common wisdom, this knowledge was
situated; it was ‘known’ in the context of teaching.

In the context of teaching, Alexandra ‘knew’, for example, about different mod-
els for the multiplication of fractions in the context of lesson development and, as a
tutor during INSET sessions, when such knowledge was explicitly part of her role.
Significantly, these were the settings where she was working in collaboration with
others, and she had access to lesson or course guidance. She was not simply a pas-
sive participant in these contexts, nor was she simply ‘delivering’ the pre-prepared
course materials. In fact, Alexandra’s knowledge appeared to be relatively strong in
both settings, and at least as strong as that of Numeracy Consultants in general3: it
allowed her not only to participate in the discussions within the research team, but
also to respond authoritatively to teachers’ questions. However, Alexandra’s knowl-
edge in teaching did not simply derive from a more general individual mathematics
knowledge. Rather, her knowledge in teaching was supported by the social commu-
nities and relationships in which she acted as an expert. These communities provided
the cognitive and discursive tools with which Alexandra could be knowledgeable
mathematically. It was distributed in the sense that it was ‘stretched over’ (Lave,
1988) and supported by other individuals and artefacts, in particular, lesson materi-
als and structures. In other words, in being situated, her knowledge was both social
and distributed (Putnam & Borko, 2000).

It is important to recognise that the interview was something of a ‘testing’ and
artificial situation. The problems posed were deliberately ‘tricky’, and the situation
raised issues of mathematics anxiety. Alexandra certainly seemed to perceive the
interview as something of a threat to her professional identity. It is quite possible
that in normal classroom contexts, Alexandra would be less unsettled. However, an
important aspect of teacher knowledge is that it can act as a resource to enable a
teacher to act in an unpredicted or unexpected situation. Thus, the situated, social

3My evidence here is partly based on my own observations and partly based on evidence gathered
for the Leverhulme Numeracy Research Programme, an extensive 5-year longitudinal study of
primary mathematics covering the period of the introduction of the NNS and the appointment of
Numeracy Consultants (Millett, Brown, & Askew, 2004b).
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and distributed nature of a teacher’s mathematical knowledge for teaching may hin-
der the teacher’s ability to respond appropriately in novel contexts, for which the
teacher does not have an instant recourse to support her knowledge.

Is this just an Issue for Primary Teaching?

The literature on teacher knowledge is dominated by research in primary/elementary
education, and one could be forgiven for concluding that the problem of teacher
knowledge is primarily an issue in this sector. In a sense, this emphasis is unsur-
prising since the problem of teacher knowledge is brought into sharp focus in a
sector where the majority of teachers are generalists4 and primary teachers gen-
erally have considerably less formal education in mathematics. As a result, their
mathematical knowledge is likely to be weaker and more influenced by contextual
factors. Certainly, most mathematically trained secondary teachers’ mathematical
knowledge is likely to be rather more secure than that of most primary teachers,
particularly when it comes to solving school mathematical problems of the sort
Alexandra was asked to solve.5

The evidence, whilst less extensive, suggests that secondary teachers’ knowl-
edge is no less situated. Thompson and Thompson (1994), for example, describe
a middle-school specialist teacher whose knowledge of rate and speed was strong
and fluent: he himself could solve classroom problems with ease. Yet this very flu-
ency was a barrier to teaching. When observed teaching a student one-to-one, the
teacher conceived, albeit implicitly, of speed in terms of the covariance of distance
and time, whilst the student’s understanding was additive and discrete. The stu-
dent did not have an image of motion as the simultaneous accumulation of distance
and time (i.e. direct proportion). The teacher’s own connections between represen-
tational structures and ‘calculational’ procedures for solving the problem were so
strong that, when working with a student, he “saw (i.e. imputed) appropriate reason-
ing any time [the student] employed an appropriate calculation” (p. 299, emphasis
in original). In a later analysis, they argue that the teacher’s understandings of divi-
sion and proportionality were so “packed” that they were “insensitive to conceptual
subtleties in the situations” (Thompson & Thompson, 1996, p. 4).

One aspect of the power of mathematics lies in this “packed” and abbreviated
nature. A fluent mathematician can choose the most appropriate representation for
solving a problem irrespective of whether this representation is actually appropriate
for modelling this particular problem. The essence of teacher knowledge involves
an explicit recognition of this – “unpacking” the mathematical ideas (Ball & Bass,

4I recognize that there are a number of educational systems internationally (e.g. in Israel) in which
there are specialists teachers of elementary mathematics. Nevertheless, the generalist remains the
norm.
5Not all secondary teachers of mathematics are mathematically trained, of course. In England, for
example, a significant proportion of them have weak mathematics qualifications, particularly those
teaching lower secondary mathematics (Johnston-Wilder et al., 2003).
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2000). On the other hand, doing mathematics only requires an implicit recognition
of this. Indeed, fluency in mathematics arguably involves developing such implicit
understandings. To a competent mathematician, the nuances of meaning inherent
in these different pedagogical representations of mathematics can seem trivial and
unimportant.6 Hence, it may be that there is a tension for many secondary teachers
of mathematics in that some aspects of mathematics knowledge for teaching run
counter to the habits and norms of mathematics as a discipline.

This is not to argue that mathematics knowledge does not matter, but rather that
mathematical knowledge is not sufficient in isolation. Lloyd and Wilson (1998)
discuss how a teacher’s sophisticated understanding of functions enabled him to
implement an innovatory reform-focused curriculum. Lloyd and Wilson’s teacher
had previously taught a traditional curriculum for 14 years. They argue that the
teacher’s rich and well-articulated mathematical knowledge enabled innovation, but
only in the context of curriculum materials and a related professional development
programme that supported the innovation. Like Alexandra, Lloyd and Wilson’s
teacher’s mathematical knowledge for teaching was supported by artefacts and
social structures. Unlike Alexandra, his knowledge was also supported by a rich
understanding of mathematics.

The Contribution of Situated Theories:
What Does This Mean for Teacher Knowledge?

There is no doubt that Shulman’s (1986) pedagogical content knowledge and the
work of Ball and others provide a very significant contribution to understanding
teacher knowledge. However, the analysis that I have presented here strongly sug-
gests that mathematics teacher knowledge is very much more deeply embedded in
practice than the PCK literature generally acknowledges. Whilst subsequent work
has emphasised the aspects of Shulman’s work that attempt to codify teacher knowl-
edge, it is often overlooked that he did examine the forms of knowledge. This
neglected area of Shulman’s work relates to the way teacher knowledge is ‘held’
and used in teaching. Shulman conceives of knowledge as involving propositional,
case and strategic aspects. These are discussed in some depth by Goulding and
Petrou in Chapter 2. The case and strategic aspects of knowledge do certainly go
some way towards recognizing the interrelationship between knowledge and its use.
Shulman conceives of teaching “theory through cases” (p. 11). Further, he suggests
that the strategic may be better captured as a process of “knowing” rather than the
more static “knowledge” (p. 14) and argues that this “comes into play as the teacher
confronts particular situations or problems whether theoretical, practical or moral,
where principles collide and no simple solution is possible” (p. 13). This aspect

6See Saunders (1999) for an example in which a professional mathematician rejects the pedagogi-
cal distinction between fractions as operators and quantities as “playing tricks” (p. 3) and indicative
of the de-professionalisation of teachers.
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of Shulman’s work provides many insights, particularly regarding the application
and use of teacher knowledge. Nevertheless, it is a largely individual conception of
knowledge. One consequence is a negative focus on the problem of teacher knowl-
edge in terms of finding and fixing individual deficits (Askew, 2008). However,
some aspects of mathematics teachers’ subject knowledge are more difficult than
others to pin down and codify. Almost inevitably, the focus on knowledge is con-
centrated on the more easily describable ideas (e.g. number facts) with much less
emphasis placed on the more ephemeral but equally important ideas that Yackel and
Cobb (1996) term socio-mathematical norms such as symmetry.

In viewing knowledge as situated, social and distributed, the situated perspective
presents a significant advance. A major contribution is that this approach places
much greater emphasis on the communities in which mathematics teachers are
engaged rather than on individual knowledge. In principle, it is certainly desirable
for teachers to ‘possess’ a sophisticated knowledge of mathematics for teaching that
is evident in a variety of contexts, both inside and outside the classroom. I have lit-
tle doubt, for example, that, were the gaps in Alexandra’s mathematics knowledge
to be addressed, her knowledge of mathematics in teaching – and her teaching of
mathematics – would also improve. However, it is also important to bear in mind
that the key setting in which teachers ‘use’ and ‘apply’ their mathematics knowl-
edge is in the classroom. In Alexandra’s case, there certainly were significant gaps
in her knowledge of rational number, as evident in the mathematics interview. But
ultimately, the quality of a teacher’s mathematical knowledge in interview situations
does not matter in itself, except possibly for research purposes. What does matter
is that a teacher’s mathematical knowledge as situated in teaching contexts is suf-
ficient for successful learning to occur. The evidence presented here suggests that
classroom knowledge is not a straightforward contextualisation or application of a
more abstract and general a priori mathematical knowledge.

A second contribution relates to the nature of learning. Adler (1998) argues that
becoming a mathematics teacher involves learning to talk both within and about
mathematics teaching and learning, rather than simply learning new knowledge.
In their study involving a group of mathematics teachers from one middle school,
Stein, Silver, and Smith (1998) similarly highlight the importance of story and nar-
rative in restructuring and reworking knowledge about mathematics teaching. They
see this restructuring of existing knowledge and experience as more important than
the acquisition of new knowledge – echoing Askew et al.’s (1997) findings about
the importance of teachers’ beliefs about mathematics in the teaching of numeracy.
Stein et al. (1998) place these notions of story and narrative in the context of teach-
ers’ professional identities, arguing that teacher learning is best conceived of as a
process of identity change.

One criticism of the situated learning literature, and in particular the work of
Lave and Wenger, is that the context is conceived of as relatively static and fixed.
Hence, individual learning can appear as following fixed and predictable trajectories
of learning. Holland, Lachicotte, Skinner, and Cain’s (1998) conceptualisation of
identity in terms of agency and social structure provides a way of understanding the
unexpected and surprising nature of learning. In an analysis of students’ mathemati-
cal identities, Boaler and Greeno (2000) relate Holland et al.’s (1998) conception of
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identity to Belenky, Clinchy, Goldberger, and Tarule’s (1986) notions of authority
and knowing. They link procedural knowing to an acceptance of external author-
ity in mathematics; and conceptual or principled knowing, to a more questioning
and critical stance – the need to ‘know why’. Similarly, Povey, Burton, Angier,
and Boylan (1999) discuss how developing an authorial stance towards mathemat-
ics enables teachers to develop such a critical stance. Hodgen and Johnson (2004)
examine teacher motivation and the reasons why teachers participate (or do not
participate) in learning about mathematics education, arguing that the motivation
to change is inextricably linked to teachers’ identities and the social context in
which they are located. Focusing on the aforementioned case of Alexandra, they
discuss how the context of a school mathematics lesson prompted her to make
an explicit connection between spatial and numerical representations (seeing the
Cartesian system as “like a 2D number line”, p. 236) and to ‘see’ the mathematical
nature of diagrams and representations of fractions. Clearly, these are key compo-
nents of mathematical knowledge for teaching, but Hodgen and Johnson conceive
of her learning as an authorial choice in response to the particular demands of cir-
cumstance. This focus on identity highlights part of the difficulty of teacher learning.
Bartholomew (2006), for example, uses the notion of the ‘defended self’ to highlight
how mathematics teachers may resist learning because they perceive it as a threat to
their being. Hodgen and Askew (2007) suggest that imagination plays a key role in
overcoming such threats, thus developing and transforming teachers’ relationships
with and knowledge of (school) mathematics.

A third contribution relates to the analysis of learning settings. The situative per-
spective is often seen as providing a critique of current practices in schooling rather
than offering an alternative vision (Lerman, 2000).7 Greeno’s (1998) work, how-
ever, provides a useful method of analysing learning situations. He highlights the
importance of understanding the constraints and affordances: constraints that enable
participants (teachers and learners) to predict and anticipate activities and outcomes;
affordances that provide opportunities for participants to draw on practices from
elsewhere. Boaler (2000) highlights the importance of the social context of learn-
ing. In a re-analysis of her study of open-ended and traditional approaches to school
mathematics (2002), she describes how the students, who experienced the open-
ended approach, more easily related school mathematics to out-of-school contexts
in part because of the similarities in the way mathematics was practiced. In a similar
vein, Lave (1992) argues that much problem-solving in schools is not authentic: in
contrast to the messy and complex problems of the real world, school mathemat-
ics problems tend to be straightforward and routine. But Putnam and Borko (2000,
pp. 4–5) argue that the problem of authenticity is related to the authenticity of learn-
ing rather than necessarily to the authenticity of problems themselves: “Authentic
activities foster the kinds of thinking and problem-solving skills that are important
in out-of-school settings, whether or not the activities themselves mirror what prac-
titioners do”. This highlights the two-fold problem of authenticity in mathematics.

7See, for example, Lave and Wenger’s (1991) rather brief and simplistic critique of school
education.
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Mathematics teaching involves two stages of re-contextualisation of mathematics
knowledge: a re-contextualisation of teachers’ own mathematics learner knowledge
for the classroom to enable students to re-contextualise this classroom mathematics
for out-of-school contexts.

Implications for the Practices of Teaching,
Teacher Education and Development

Recognising the situated nature of mathematics knowledge suggests that focus-
ing exclusively on mathematics knowledge in isolation from the classroom context
is unlikely to be effective. In developing strategies directed at improving teacher
knowledge, there is a need to examine the contextual constraints and affordances
which help or hinder teachers to act knowledgably in the classroom (Greeno, 1998).
A crucial issue is to examine how collective knowledge can be harnessed to support
an individual teacher’s mathematical knowledge in the classroom.

One productive strategy is to provide tools that focus on the use of teacher knowl-
edge in the practice of teaching mathematics. One constructive tool of this kind, the
Knowledge Quartet, is described in some depth elsewhere in this book, particu-
larly in the Chapter 12 by Turner and Rowland. To date, like much of the literature
on mathematics teacher knowledge, this approach has focused on primary or ele-
mentary mathematics teaching, although there is every reason to suggest that this
approach could be useful in secondary teaching and teacher education. In partic-
ular, key aspects of the Knowledge Quartet resonate with active research topics
in secondary mathematics, including the choice and construction of mathematical
examples.

A second implication relates explicitly to the social aspect of teacher knowledge.
If teacher knowledge is supported by social structures and relationships, then it is
likely to be productive to focus on developing shared expertise rather than individ-
ual ‘knowledge’. The efficacy of collaborative approaches to mathematics teacher
education is well-established (e.g. Clarke, 1994) and the situated perspective lends
further theoretical weight to such approaches. Millett, Brown and Askew (2004a)
highlight the importance of the professional community of teachers in a school and
find that some primary schools appear to be able to successfully ‘share’ mathemat-
ics knowledge and expertise amongst a group of teachers through a mathematics
co-ordination team.

A third implication concerns lesson materials, textbooks and, more broadly, the
distributed aspects of teacher knowledge. There is certainly an urgent need to exam-
ine how textbooks and other materials can best support teacher knowledge in the
practice of teaching. However, there is a great deal of evidence that materials on
their own are insufficient (e.g. Askew, 1996). Spillane (1999) argues that for pro-
fessional change of any significance, mathematics teachers need social spaces in
which they have access to “rich deliberations about the substance . . . a practising of
reform ideas with other teachers and reform experts includ[ing] material resources
or artefacts that support [these] deliberations” (p. 171). Looking at Alexandra’s



3 Knowing and Identity: A Situated Theory of Mathematics Knowledge in Teaching 39

subject knowledge development, one of the significant features was her engage-
ment in lesson development (Hodgen & Johnson, 2004; Johnson et al., 2004). There
has been a great deal of focus on translating the Japanese practice of lesson study
to a Western context. But actually, this may be a misguided attempt to transfer a
very contextualised cultural practice. What made a difference for Alexandra was
not lesson study per se, but rather the more general practice of lesson development
carried out in collaboration with others: constructing pedagogic strategies, exam-
ples, tasks, etc. that enable students to do and learn mathematics. Key to this is that
lesson development is not merely a pedagogic exercise; it necessitates the investiga-
tion and exploration of topics from school mathematics, as described in Chapter 5
by Watson and Barton. That such apparently simple and elementary topics can chal-
lenge mathematical experts, is clear from the example of prospective secondary
teachers cited at the beginning of this chapter.

A fourth implication relates to identity, care and relationships. For many pri-
mary teachers, the problem of maths anxiety is well-documented (Bibby, 1999).
However, simply reducing anxiety and enabling teachers to ‘feel better’ about math-
ematics can lead to complacency (Askew, 1996). Askew and I have argued that
teachers’ knowledge of mathematics is both intellectual and emotional (Hodgen &
Askew, 2007). The motivation to do mathematics – or to teach mathematics – is
both individual and social. This is as true for well-qualified and knowledgeable
secondary teachers, as it is for primary teachers. However, interventions related
to teachers’ knowledge of mathematics have generally focused on cognitive and
pedagogic issues: teachers’ mathematics subject knowledge, how children learn
and teaching approaches. These issues are, of course, important, but the impor-
tance of identity in coming to know as suggested by the situated perspective,
implies that such an approach is doomed to failure unless placed within an affec-
tive frame in which teachers have space to question and enjoy mathematics and
mathematics teaching. In analysing mathematics subject knowledge, for example,
Askew (2008) presents a convincing case for a focus on the big ideas – or socio-
mathematical norms – of precision and generalization, as well as the romance of the
subject.

Finally, there are implications for research into mathematics teacher knowl-
edge. There is an increasing interest in the measurement of teachers’ mathematics
knowledge and the relationship with student learning (Hill, Rowan, & Ball, 2005).
However, the situated perspective suggests that problem goes beyond this issue of
codification in that teachers’ knowledge is not only situated but also social and dis-
tributed. The testing of individual teachers is likely to focus on de-contextualised
mathematics knowledge which, as in the case of Alexandra above, may be very dif-
ferent from their classroom knowledge. Nevertheless, the issue of how mathematics
teacher knowledge is enacted and the relationship with classroom practice remains
poorly understood, and research in this area, like the research in mathematics teacher
education generally (Adler, Ball, Krainer, Lin, & Novotna, 2005), is largely lim-
ited to small scale studies. Given the analysis above, approaches that focus on
the notion of re-contextualisation (Adler & Davis, 2006) may offer insights in
this area.



40 J. Hodgen

References

Adler, J. (1998). Lights and limits: Recontextualising Lave and Wenger to theorise knowledge of
teaching and of learning school mathematics. In A. Watson (Ed.), Situated cognition and the
learning of mathematics (pp. 161–177). Oxford: Centre for Mathematics Education Research.
University of Oxford, Department of Educational Studies.

Adler, J., Ball, D. L., Krainer, K., Lin, F.-L., & Novotna, J. (2005). Reflections on an emerging
field: Researching mathematics teacher education. Educational Studies in Mathematics, 61(3),
359–381.

Adler, J., & Davis, Z. (2006). Opening another black box: Researching mathematics for teach-
ing in mathematics teacher education. Journal for Research in Mathematics Education, 37(4),
270–296.

Alexander, R., Rose, J., & Woodhead, C. (1992). Curriculum organisation and classroom practice
in primary schools: A discussion paper. London: Her Majesty’s Stationary Office.

Anderson, J. R., Greeno, J. G., Reder, L. M., & Simon, H. A. (2000). Perspectives on learning,
thinking and activity. Educational Researcher, 29(4), 11–13.

Askew, M. (1996). Using and applying mathematics in schools: Reading the texts. In
D. C. Johnson & A. Millett (Eds.), Implementing the mathematics National Curriculum: Policy,
politics and practice (pp. 99–112). London: Paul Chapman Publishing Ltd.

Askew, M. (2008). Mathematical discipline knowledge requirements for prospective primary
teachers, and the structure and teaching approaches of programs designed to develop that
knowledge. In P. Sullivan & T. Wood (Eds.), Knowledge and beliefs in mathematics teach-
ing and teacher development. The international handbook of mathematics teacher education
(Vol. 1, pp. 13–35). Rotterdam: Sense.

Askew, M., Brown, M., Rhodes, V., Johnson, D. C., & Wiliam, D. (1997). Effective teachers of
numeracy. London: King’s College.

Ball, D. L. (1990). Prospective elementary and secondary teachers’ understanding of division.
Journal for Research in Mathematics Education, 21(2), 132–144.

Ball, D. L., & Bass, H. (2000). Interweaving content and pedagogy in teaching and
learning to teach: Knowing and using mathematics. In J. Boaler (Ed.), Multiple per-
spectives on mathematics teaching and learning (pp. 83–104). Westport, CT: Ablex
Publishing.

Bartholomew, H. (2006, January 31). Emotion and mathematics professional development in a low
socio-economic area in New Zealand. Paper presented at the Mathematics Education Seminar
Series, King’s College London.

Begle, E. G. (1968). Curriculum research in mathematics. In H. J. Klausmeier & G. T. O’Hearm
(Eds.), Research and development toward the improvement of education. Madison, WI: Dembar
Educational Research Services.

Belenky, M. F., Clinchy, B. M., Goldberger, N. R., & Tarule, J. M. (1986). Women’s ways of
knowing: The development of self, voice and mind. New York, NY: Basic Books.

Bibby, T. (1999). Subject knowledge, personal history and professional change. Teacher
Development, 3(2), 219–232.

Boaler, J. (2000). Exploring situated insights into research and learning. Journal for Research in
Mathematics Education, 31(1), 113–119.

Boaler, J. (2002). Experiencing school mathematics: Traditional and reform approaches to
teaching and their impact on student learning (2nd ed.). Mahwah, NJ: Lawrence Erlbaum
Associates.

Boaler, J., & Greeno, J. G. (2000). Identity, agency and knowing in mathematics worlds. In
J. Boaler (Ed.), Multiple perspectives on mathematics teaching and learning (pp. 171–200).
Westport, CT: Ablex Publishing.

Brown, M., Millett, A., Bibby, T., & Johnson, D. C. (2000). Turning our attention from the what
to the how: The National Numeracy Strategy. British Educational Research Journal, 26(4),
457–471.



3 Knowing and Identity: A Situated Theory of Mathematics Knowledge in Teaching 41

Brown, S., & McIntyre, D. (1993). Making sense of teaching. Buckingham: Open University Press.
Clarke, D. M. (1994). Ten key principles from research for the professional development of mathe-

matics teachers. In D. B. Aichele & A. F. Coxford (Eds.), Professional development for teachers
of mathematics: The 1994 Yearbook of the National Council of Teachers of Mathematics
(pp. 37–48). Reston, VA: National Council of Teachers of Mathematics.

Corbin, B., & Campbell, A. (2001). Pedagogical content knowledge: Metaphor in search of
teaching? Paper presented at the British Educational Research Association (BERA) Annual
Conference, 13–15 September, University of Leeds.

Greeno, J. G. (1998). The situativity of knowing, learning and research. American Psychologist,
53(1), 5–26.

Hill, H., Rowan, B., & Ball, D. L. (2005). Effects of teachers’ mathematical knowledge
for teaching on student achievement. American Educational Research Journal, 42(2),
371–406.

Hodgen, J., & Askew, M. (2007). Emotion, identity and teacher learning: Becoming a primary
mathematics teacher. Oxford Review of Education, 33(4), 469–487.

Hodgen, J., & Johnson, D. C. (2004). Teacher reflection, identity and belief change in the context
of Primary CAME. In A. Millett, M. Brown, & M. Askew (Eds.), Primary mathematics and
the developing professional (pp. 219–244). Dordrecht: Kluwer.

Holland, D., Lachicotte, W., Skinner, D., & Cain, C. (1998). Identity and agency in cultural worlds.
Cambridge, MA: Harvard University Press.

Johnson, D. C., Adhami, M., Shayer, M., Hodgen, J., Hafeez, R., Dubben, S., et al. (2003). Primary
CAME thinking maths: Teachers’ guide. London: BEAM Education.

Johnson, D. C., Hodgen, J., & Adhami, M. (2004). Professional development from a cognitive and
social standpoint. In A. Millett, M. Brown, & M. Askew (Eds.), Primary mathematics and the
developing professional (pp. 185–217). Dordrecht: Kluwer.

Johnston-Wilder, S., Allen, B., Thumpston, G., Cooke, H., Brown, M., & Burton, L. (2003).
Teachers of mathematics: Their qualifications, training and recruitment: A report of a survey
of secondary mathematics departments carried out in the academic year 2001–2002. Milton
Keynes: Open University.

Lampert, M. (1986). Knowing, doing and teaching mathematics. Cognition and Instruction, 3(4),
305–342.

Lave, J. (1988). Cognition in practice: mind, mathematics and culture in everyday life. Cambridge,
MA: Cambridge University Press.

Lave, J. (1992). Word problems: A microcosm of theories of learning. In P. Light & G. Butterworth
(Eds.), Context and cognition: Ways of learning and knowing (pp. 74–92). Hemel Hempstead:
Harvester Wheatsheaf.

Lave, J., & Wenger, E. (1991). Situated learning: Legitimate peripheral participation. Cambridge,
MA: Cambridge University Press.

Lerman, S. (2000). The social turn in mathematics education research. In J. Boaler (Ed.),
Multiple perspectives on mathematics teaching and learning (pp. 19–44). Westport, CT: Ablex
Publishing.

Lloyd, G. M., & Wilson, M. (1998). Supporting innovation: The impact of a teacher’s concep-
tions of functions on his implementation of a reform curriculum. Journal for Research in
Mathematics Education, 29(3), 248–274.

Ma, L. (1999). Knowing and teaching elementary mathematics: Teachers’ understanding of fun-
damental mathematics in China and the United States. Mahwah, NJ: Lawrence Erlbaum
Associates.

McDiarmid, G. W., Ball, D. L., & Anderson, C. W. (1989). Why staying one chapter ahead doesn’t
really work: Subject-specific pedagogy. In M. C. Reynolds (Ed.), Knowledge base for the
beginning teacher (pp. 193–206). Oxford: Pergamon.

McNamara, D. (1991). Subject knowledge and its application: Problems and possibilities for
teacher educators. Journal of Education for Teaching, 17(2), 113–128.



42 J. Hodgen

Millett, A., Askew, M., & Simon, S. (2004). Responses of teachers to a course of intensive train-
ing. In M. Askew, M. Brown, & A. Millett (Eds.), Primary mathematics and the developing
professional (pp. 127–154). Dordrecht: Kluwer.

Millett, A., Brown, M., & Askew, M. (2004a). Drawing conclusions. In M. Askew, M. Brown, &
A. Millett (Eds.), Primary mathematics and the developing professional (pp. 245–255).
Dordrecht: Kluwer.

Millett, A., Brown, M., & Askew, M. (Eds.). (2004b). Primary mathematics and the developing
professional. Dordrecht: Kluwer.

Nunes, T. (2001). British research on the development of numeracy concepts. In M. Askew &
M. Brown (Eds.), Teaching and learning primary numeracy: Policy, practice and effectiveness.
A review of British research for the British Educational Research Association in conjunction
with the British Society for Research into Learning of Mathematics (pp. 10–14). Southwell,
Notts: British Educational Research Association (BERA).

Povey, H., Burton, L., Angier, C., & Boylan, M. (1999). Learners as authors in the mathematics
classroom. In L. Burton (Ed.), Learning mathematics: From hierarchies to networks
(pp. 232–245). London: Falmer Press.

Prestage, S., & Perks, P. (2001). Models and super-models: Ways of thinking about professional
knowledge. In C. Morgan & K. Jones (Eds.), Research in mathematics education, Volume 3:
Papers of the British Society for Research into Learning Mathematics. London: British Society
for Research into Learning Mathematics.

Putnam, R. T., & Borko, H. (2000). What do new views of knowledge and thinking have to say
about research on teacher learning? Educational Researcher, 29(1), 4–15.

Rowland, T., Martyn, S., Barber, P., & Heal, C. (2000). Primary teacher trainees’ mathematics
subject knowledge and classroom performance. In T. Rowland & C. Morgan (Eds.), Research
in mathematics education Volume 2: Papers of the British Society for Research into Learning
Mathematics (pp. 3–18). London: British Society for Research into Learning Mathematics.

Saunders, P. (1999, July 15–17). Deprofessionalisation of teachers: A mathematician’s view.
Plenary presentation at the Fourth British Congress of Mathematics Education (BCME-4),
University College Northampton.

Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching. Educational
Researcher, 15(2), 4–14.

Skemp, R. (1976). Relational understanding and instrumental understanding. Mathematics
Teaching, 77, 20–26.

Spillane, J. P. (1999). External reform initiatives and teachers’ efforts to reconstruct their practice:
The mediating role of teachers’ zones of enactment. Journal of Curriculum Studies, 31(2),
143–175.

Stein, M. K., Silver, E. A., & Smith, M. S. (1998). Mathematics reform and teacher development: A
community of practice perspective. In J. G. Greeno & S. V. Goldman (Eds.), Thinking practices
in mathematics and science learning (pp. 17–52). Mahwah, NJ: Lawrence Erlbaum Associates.

Thompson, A. G., Philipp, R. A., Thompson, P. W., & Boyd, B. A. (1994). Calculational and
conceptual orientations in teaching mathematics. In D. B. Aichele & A. F. Coxford (Eds.),
Professional development for teachers of mathematics: The 1994 yearbook of the National
Council of Teachers of Mathematics (pp. 79–92). Reston, VA: National Council of Teachers of
Mathematics.

Thompson, P. W., & Thompson, A. G. (1994). Talking about rates conceptually. Part 1: A teacher’s
struggle. Journal for Research in Mathematics Education, 25(3), 279–303.

Thompson, P. W., & Thompson, A. G. (1996). Talking about rates conceptually. Part 2:
Mathematical knowledge for teaching. Journal for Research in Mathematics Education, 27(1),
2–24.

Yackel, E., & Cobb, P. (1996). Sociomathematical norms, argumentation, and autonomy in
mathematics. Journal for Research in Mathematics Education, 27(4), 458–477.


	3 Knowing and Identity: A Situated Theory of Mathematics Knowledge in Teaching
	The Problem of Mathematics Teacher Knowledge
	A Case Study from Primary Mathematics: Alexandra's Knowledge of the Multiplication and Division of Fractions
	Is this just an Issue for Primary Teaching?
	The Contribution of Situated Theories: What Does This Mean for Teacher Knowledge?
	Implications for the Practices of Teaching, Teacher Education and Development
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




